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(54) GROWING METHOD OF NITRIDE SEMICONDUCTOR AND NITRIDE SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a growing method for 
nitride semiconductor of with good crystallinity. 
SOLUTION: A first protective film 1 1 is partly formed on a 
dissimilar substrate 1 consisting of a material different from that of 
a nitride semiconductor or on the surface of a nitride 
semiconductor layer 2 grown on the dissimilar substrate 1 , and a 
first nitride semiconductor layer 3 is grown via the first protective 
film 11. The first nitride semiconductor 3 is selectively grown on 
the protective film 1 1 and continuously joined together with an 
adjacent nitride semiconductor on the protective film 11 as it 
continues to grow. The first nitride semiconductor 3 on the first 
protective film 1 1 has few lattice defects, so that a nitride 
semiconductor substrate of good crystallinity is obtained, when a 
thick nitride semiconductor film is grown via a protective film. A 
nitride semiconductor substrate is grown to a prescribed thickness, 
and when an element structure is formed thereon, a satisfactory 
element with improved characteristics is obtained. 
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[0 0 2 9 ] CtDi ^ tC^St/c^ 1 ©a{k«5**t*« 
3cDa®tCJgti^*S B s H ^KI (Siifitt) liv fi£*cD4>0 
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1 3 <Dj&&V)mttov *>*MM<»hutm i ©ssis 1 1 

o , mass i nwm i <D&mm 1 1 nx ^ 
ft^SKj Kj&6£ftTi>&i&gM8©in©^ 

Zttm 2 ©*i£B^' yVrM) £©#!*> fcJSSfcB* 5 

1 1 ©±spctf&gs *vcc» i ©2f b*¥ 

a»ft»3fctt. SS^r^^g&^'Ct^ifS^RititiiA, 

[0 0 3 0 ] mtf, B3fc^?*$x^©£fbtt¥3§ft 
ISII©*§il^B 6C J: -5 »»£ffi©«5S;W & B©«fc 5 , 
aasfi l a>e>£ l ©SfbftMNiftJl 3 ©HB^fttcfi 
*>5 <fc 0 ^5 J: 5 ttftifcB#»£. 

iKfii/rc^cb^en^o B3tt7ns*i*&3©esi 
v^^ccj:o, saasi ££<b»¥«ft&©i?fflfc* 

< f££"f &o * U t\ ' C©lgaS©*8fiKB©tt 
£T£o UfrU C©B^£#S£UctSS^W:* 0 

tt*saB**5"-5«loJ«:*i3. Sl©Sfb«5¥»ft!3©S 

i oumm 1 1 ±«KjBflE3 hfc» i ©s*b»*»ft» 
3B. att^i*6«fibfcfeorBCc<iws-rs* 

1 ©§{b^¥*lftfI3 *JfiSfi*tCO«c*So/cfeCD-C*S 
tcM 1 ©Sf b^¥>gftJi 3 ©Sfttctb^T , SEfiOtt D 

£jii&tift<fc*. c©i£^B©#SK#&t»Wl© 

mtw^wfl*^*!!^^**. *fc, ±e©j:9&* 

^©GaN©J^fc<fc**SSfcB©»£-t\ fe{i©<® 40 

[ o o 3 n * fc, s§ i ©Sfttft^aftJi 3 ©3tas©£ 

^l^BiW>±8KtK:»a»B^ft<ft^. ^5 
fTJ^^XB*^ r>/dE85©±8B«:«fi OtcW 1 © 
S{H»¥»ftJl 3 ©Office B, ffSftlBfCcacfi Uct> 
©fc tb^**#fi$U6 t> «fi # * * . c © c i B , 
< 31 1 ©§{b»«ft! 3 ©ESfi©j£*t\ £ < © 
ISfi^B©IEfiE*«±*ofcfc©©, to-r*>CcG(4*tt» 
Sttf^B**SB^aaiI±8JK:lK{4LStritfifiJ^*& 50 



[0 0 3 2] c©J:^^B B a ^PS©K{i©iit^cJ:^IS 
e B a ^PlS©^?rKSTEMtCcfc*3tS^T^<b, &SP±SB© 
*tcfitt#Bffl| 3 n«K8Lt»tt: Btt 4 ^ if KB# S 

KBSS*** Klf 1 OMB/cmW, J?£U>&#K 
toOTttl O'ffl/cm'ttT-C*^ SKBLhWCB. 
HBlO'B/cm'HT. »* U^frfcfc^TH: 1 0 
4 i/cm l £(K*i. ££KBI2» m^(tft¥i 
ft* F7-fx?*>yUcKL ^©xy^>^^ai 
fixity b©^*ftfJT5C<bK:J:0f)S-C# 

[ o o 3 3 ] is i (omim^mwrnsommt urn 
fe i o fi«± v ^ e>tc » $ u < b 5 o fetxtommviSL 

SS-BrSCi^asU^, Etc. SH ©S{bft*3»ft© 

n»t wgEOfci^fcteaxBoett^ioait* 

l>. ttcMfc, »l©«b***ft», C©±fcJR?« 

l ©a{b^*«ft©^4 ur*>6tf 

Wl©a<b«^»»±K:*T«fi*»ttrslBK:, 
Sfi©W^«:=fc 0^ 1 ©S^bSs^aWtoRff* 1 *^ *JS 
©»SM)l/S3H:»i*^5Ci*6. ^l©^fb^ 
^ft©MifB, sri ©SSBifrBC^ BfifcBolEfifc 

©a{b»*»ft©IS/*«5 0/imct>J«< ImmEiTI 
^©BIWCCRESSti. »*U<tt70'-500 
am. J:Dif*l/<ttl0 0^3 0 0/im. Mtc»^L 
<ttl0 0^2 5 0/imt*S. C©l5H"C*S<!:* : f- 
m&tte S^b«*3M*©fiRfi©^-Cff * L < , ifcW 
fifbt:Tll!«RCf»«fll*»4l/-C«). 
*ft cc ^ 7 v 2 ffiX 0 tc < < j\ > F ! J > t & 0 

»*U». tic, S«Sfi%»*-r4i, 3RT«ji*}e 

©fi»&*-f«®3W»e*is<<cDff*i/i». ^/csa 

©HJfBl-5 0 am. H : $L<B2-40am, cfcO 
»tl<»5-30tfm, t>oit>Jf*L<«l 6^2 
0finrC*S. C©KH*C*SiSaSfitS<bia*af 

ft©j»Kafi6«ESecj:s^x^©s»3^B5±r#. Ecc 
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[0 0 3 5 ] SflBI«±Cca{t«J*»#*fiSfiS-S* 
DSKSfiftft^icJ: 1 ?. j*fi»«:'Jx-/^**sS0S< 

«**toI*£©ttliUH^fc&5. ££o~C MSS io 

#a*U>. l /zrottffiBK©i:fca{b#£3|{* 
% u t ox 4 ss{b»^fl*f ©» 

i o i6 /cm 3 -5x i /a? (omm-enm^mz F 

©Jg£, HaSfi©l&*©I£©^ 1 ©^{b»*ft^© 

<&S©T\ S«S«4»*LTfrfcm©ab«I*SI 
tca^«*»*-r -2) 4 , 5fc»©S 

«©£>& 1 mmttT©R»#»* U\, 
IftSorte&a^biBj^^tSRTCcfc^T, ^aSS©i£ 
*tt. *l©a<b»4^±^* : F^**SW"*SJ't?. 

xm 1 ©3fb*^fl**S<b»¥»ttS« (G a NS 

«) iurjiHF-«j6*jBiE-rs. #tasig£i&£-r6;£ 

ISK:»2©«SlS4'C*l»5feurS2©a{bft*aiit© 
*i ur c©^2©^b^¥^±^^T«^^L 
TfcJ:<, ifc»2©ffSRSr»*^r«:, mi ©Sib 
«¥3W*&tf* 2 ©M4b»^ft£G a NS^<b LT^ 

l*Saill©ffi«:*^*JS*«fiS -SS c <t tfteBtt© <fc 
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[0037] t/c, *«wtcfciiT. mi<Dmt®¥m 

ft«©R»«, a 6 *H 8 tc^TH 1 ©a<bUj*2»*)i 
3IMSJB©0W, £L<tt#l©S*b**£fcH3Rtf 
»2©S{b«*3WM4©»B»*Jg-r. ss± 
9cc*sj«:jsgfi3tite»i©ff0fflti i±fcisfcfi3irt 
i»5»btt**««©i!W**& , rfea>4-rs. 

[0 0 3 8] Jf?£U>Xfi£bT, SH2©Ig» 

mmim^mm^m^J: < use t*s-c#4. 

tr, #2fe93©»3©lgfctoir>t\ @4tc^-TJ:^ 

» l ©£fbW¥SMffi 3 ©Sffifc*Sflfc«j&HB*iS 
c»tJBbhS»^ «*«SSB©±aJtc, *fcgJHCc3i 
nfc«S B l^l6*a5J:5K:, SffcttftSHR <?&2©«B 
Jgl 2) *R»4. #«W«:tec>T. S2©«KH1 2 

©^j*ffiBw«F«ciBssti'r, m i omtm^mwm 3 

©^S^gP^W^C, »4 U < ttffl 1 ©S{t»¥3KWl 3 

Cc»^ U< WIS 1 ©Sf ttft¥3*i*Ji 3 ©j&BflJJBfcteil 
^RS3&q?a-r*K»©±St?*S. C©J:^k:m2©« 
3B 1 2 £ JfH ©g{btt¥a»f*Jf 3 ©HM£ 
rKtiOfclSa^©SftSRa^l»Jhr*, EWfHF- 

«us*^fiS ufca-casf ±sp©isti[* l fctsaKK 

[0 0 3 9] ttfc, B4r»B3T?!£fi3i*fcSfn©S 
{b«l*»»H3*ffi©IHO«ril>a<rSfc«), if^ur 

1 ©af b»***Ji 3 vmwicm 2 o&mm 1 2 

bxh^\ 

[0040] S?i L< »SS2©fiflBi 1 2 ©^sa»# 

tcwt>ti^i^, m2<Dummxm\<omim^mw<D 
t4#s*u>. mtf^i©sfflii l^^o* 

tt©i*, ^fi|5©S<t0^*t*iB©x h?>f7*tt©*2 
©ffiSSSl 2*ffiS±9K:JBfiS-rs. ^2©ffigMl 2 

©t**44ot:tt. mi<Dummt®m<Db<D*m^z>c 

[004 1 ] ^c, *aw©»4©igtcfct»r. Jg2 
©^SIl 1 2 #JBSS txtcm 1 ©S{b«*»*)i 3 ±CC 

»2©a{b«*»tM4*aas3^*. H5fc^-r«t5 

«c. *«Jtt»l©S{b**W)i3©a^iBttCc. 9 

2 ©^8^ 1 2 ©±tC tt» 2 ©^{b^^^ftl 4 ttSEfi 

tir-r . m i ©a<b!»*2»#B 3 ©±K©#aiRjafi-r 
jB2©a^b«f*3w*«4B. Ki;a<b**aii*r*o, 

feS jW0B©d>4 1>» 1 ©Sfbti*^f*l 3 ©±tc 
ffifiSi*r^s©r, S^o^77^w^H B a 
WB3W«^U«:<l>. $e>^c, S2©»b«¥9#)|4 
©TiftH i & S* 1 ©a{bft¥?WM 3 fcfc«gfifcB# 
iPtt^fc*. S2©a{b»*»#B4©iiEfi«!«|«:*jir> 
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TCftTSISfl$«fc5>fc< ft*. 
[0 04 2 ] SfcKjfcBfclfttfTlK t. B6fc5Vj-<fc 
«Sr5»2<D»fc**»#JB4l3±^*2<0« 

ski 2<D±^v^m. %2<o&&mi 2%m*>£ 

StasfcSTS. c©J:5CEjSfiT5J&2©S{b»^tt 

1 4 « v ea^ii©^* i (omit^mwm 3 £t 

C©»2©SfMS¥«f*4 J &* : f*fi 

2 (D^SR 1 2 si ©ffitt&^aw* 3 ©SMfc^ti 

ft#flKB«i 5 <t 5 cc«jSS *rt i> *©Tt&SfcB© 

^2(DM{b^*^4<D^fi^^^^^w:*SB H a ^ 

K©effi**±* sfflini* 5 * o , S2©a<fcft*«(*4© 
fjm^h£tSfifcB#^ft<&5. t©<fc5fc(/r;s 

^hfc^ 2 ©3<b»*3W*JB 4 \tm 1 ©Sfb«!¥*fl« 

3 ct o tee^Ki^^ < & n 2 omt^mfc 20 
1 4 ±k jr^ahs* j&s-r & £ estt ©at*** 0 

[ 0 0 4 3 ] **IB©» 2 CW&gOlSfi^fttt-o 
OTBlWtS. 07. B8«#2£W©S2©K!8<DJffifi 

«a«&»riiia-c*s. 

[0044] *mi<Dn2<oim®i&&is&\** B 7 ft 

*W\fc5K:, ffn©XgT\ MfflS*£l±^ Jl!l©ffi 

am 1*. miommi KOM^ntt^cCOM 

£5 ten 3 »2<D» 

WLtfcJ:^. »2©^ffl©fiEfi*ffi«:tet>T. SSI© 
a<t»*iSftll 3 tt. m&3$ 1 ©JKB©0feft#S<!:Elfii 

!3a«$i?h£o B8CC5VT «fc5(c, S^S® 
1 iajfc!ft*»ft (±iasi2©»!»©«fi#fficctei>T 40 
«^7 7rH) £©#Brf^UdSS^Btt. fiJISS 

i©®»©jfifi*ffi<tiRittcc % s 

U MKfd 1 ©&SJ8 1 1 _bgptcti«i A,<*f^^^:Ri^ 

> ffifi 3 1 ©SMb***** 3 omic 

MttJ^B#4>ft< ft*. Bc»2©««©«£#ffi«c 
few, »l©»«OJSSfi*ffi©iB^£KIWc, ftBBI 

si, J:"5jaff4»i©a<k»*aw*3&sf96ti5. %2 
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771. ^iontwi»i3tt «e» 1 ©jkb© 

[004 5] ft*>\ *»W©»2©JB!B©ffifi*ffiCCfc 

9 1 ©S*b»¥*fl* 3 b . » 1 ©Sft»¥«*i i C» 

«*3B3©S2©Xg6Cfclir, 
l©^ffi£^br, £U<tt£«S«©±fcSES3tf 
^l**W*£ifi*l/r«S3*T. m 1 ©cran 1 
1 ±SB«c*-CJ«fi3-ttSfi{bft*»»tt^r» 1 ©S<b 
»**»)B3<t3E«-r5. 

[0046] Hfc, **W©*2 ©^©JSfcSfriSKfc 

Httcc. ^3©xg^Lr, »i©^ta*a#Ji3© 

j|ffiK3Bhfcli^B*S5 J: 5 fc, fSSKB^SIh* 

■n>sp»«:. s/c® i ©afb«*»(*B3 ©BEfiotnw 

181 2*?605U »l>r»4©Xg<hl/-C, Sg2©£S 
Ml 2*3KfiSl/fcSl©Sfb«9*»«:«3©±«:a2© 
S{b«J*WftB4*dEfiSti:S. t©J:^<:ifl2©^S 
Hi 2fc«flW44* *lcwB»©JS6fi*ffi£RlttK:, 
»l ©a^bft*a«tB3©«ffiK:3itiri»4efi^B© 
Hft£K{i©WfiJ, K&©*Kb/c^ B B H XPS©Se{4© 
K±*^fiB4 ft 0 . £fitt©a#ft €8tt ©« t «T 

**«r*saft«^ii(*a«ioT, £2©s{t»* 

2»ft4*»SC£*st!*S. Witt. H8(Cjn-rJ:9 
CC, *l©afb^*tW3©«fil!)!WKfta*B3&sR 
ttUT0»5^±»JC»2<DSaBI4JefiS'r5<!:,.l6ft 

©*Kbfc*sflMB©iHEfii*«afeC'c fe^2 ommm 1 

2t?*2 ©»bW*»««4^©l6tt^l»±'Ct S 0 
[0047] ftte, *»W©» 1 SC«B2©» 

rt»sa{b«j2|^ft)B(Daj»cc. ^e^fffcft^aM^ 
ml, ^-©«aji©±tc. sf/cfta{bi»*»f**SEfi 

[0 04 8] ^cc, *«ia-cffltie>tisaaa«©sf * 

«&%7fi?*~y v-tm-e&z* mit^mmzxM 

CC«giB«:«a-C*&3&s. C©J; 5 CcAjfrfiS-Ciaffl-C 
*^9J©*ffi"Ctt, B*b<ttCffi= (0 0 0 

■9-7 7>f7Al= (1 12-0) StC&LTgSft* h 
7^»tt<tf5. Witt. HI 0tt^ffiffiJ©1f7 7^ 

rss©¥®0-c$>s o c©H«-^7 7-r7CE«riffi 
niiLtri^. comics? £ ^ (<c%i<D&mm(Dz v 
^^*®0E-rs. si occ^-ri^cc, ^7 7^tcm 
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i:&*|njT'ttJai;fiLCC<^«ffi]K:*S. U^XAWttCtt 
njfi&44*. 

[0049]PHItC x AS^£Bd:-r^-9-7T^rsfe 

(11-02)^41*54. RS^SifcfrfaKStUr, 
5WcW-ixh7^^4^lSrsc:4CCJ:0. ^ 

S£4#T#5. 

[0 0 5 0] *^t**;l/ (MgAhOi) Wtfor 

ft©r£fiffi* < 1 1 1 ) H4U t'J^K ( 1 1 
0) S4-T54, a{t«J*aW*B (110) ffiKftLT 

w*r^fcjsfio*-rt»«ifij^**s. fi£o*t ( 1 1 
o) wtcttbxmmtiifittcA yz&t&t&tm 

*Yv4 2 <Dmtm^mwm^m^.¥Mt £ c t 

[0 0 5 1 ] *CC, Sllfi©iI^e>t77>^H 
5 0 01 5ttC0*7 7^TS«©Kffi«:lt*l/'r^'r 
Ufc**l3\ Stf*T&f'^^aB»A4. S^»»B4- 30 
0. 5t>^hn-A, S^t^2t>^XhP 
aaSB»©iKSttteJ:* 1 5*>^xhn-AfI 
6^ JSJEfiffiO^BB^Lt. 0. 13* L^ffi&l/ 

/tee4. ^H©^^?^©*¥ffi4(Dftasrjg-rt> 

(DttZo Xf 7 7'^ti3 0^>^^hP-A«T, 
L/<«2 0*>^hd-AaTCC-r5. TPBtt2*> 

KttO. 8gtTF. 36K:ff*O<tt0. BKttTfc 
BUM'S. kte#mifofflV\ZAT ^tt<*)t7!ffiS:ffl 

&&t> 0 S^CC*7 7>^VL/cg«S<R£JHl>SC4 50 
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KJ:0, S{|«^#4a^«4©IH^H^3W^ 
[0052]^ *JW©aib«Ml^*^«:^^r 

asgi-ra. i ©»«<Da<t^»«R^i*, 

bWBSI 1 ©JKB©JiSES#ffilc J: 0 fSfchSSW-flli&DS 
& 0 Sfc, *^0^©®2(Djf^cDa{b^^*S J ft'i. 
S4&5S i ©Sfttt*»tt©±cca;igcfid nrc» 

±IB*^(D^lR^2(0^^{t^^^ 

sea. mj& m «FtcH3£stir. ^*rn 

4-T54, *^t^*l^±3*SC43Wr*ff*U^ 
Sfc, n«fi*a^Hfc*«T*C43&s»*U<. n 
«4©«*ffiR*fiTS^*fc*(CiBffi : FJBK:nl!^F 
*S»*F-.?VCfc. iBtt^lit'r*41Satt*«J:<4 
aS©*/C#*U>. JSC, ^%^t*^£*MT 

#p»2©ffitt«, F*> ? ^x^;l/^-©Stt5 

5M^44**^ttffi*fi±S«*jSr»*LC».- C 

^fi£r*43R^tt^<tDfl±L»*l/^. #IBB© 

9 1 &tf fll 2 ©^©^ttf^^^TCD-JliSc?)^ 

¥^4fiSfiS-es#ffitt. »«:|»e3httt>3&JMOV 
PE (£ft^£(*Bl$£&) , HVPE Y$m 

w&m . mb e <»^«a*Hisfiffi) sft»¥* 

*nc»tciafis-i*5c43W , c*a. t*>u movpe 
-SS-rtr^c43W*u>. 

[0054] 

^-r^OT^a^, *«w©*att, MovpEaccK 

*fc<D-Ctt&< 4 m«HVPE (^^^KatBJSS 
ft) . MB E (^Ft8Si*B«fij£) 9, SI{k«*3M** 
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[ 0 0 5 5 ] 0 1 - 6 tt» 1 ©JfcS8*?iVr&X!i<D£ * 
*Affi<tT£i>-7 r -f 7WR 1 *fitBS»rtCC-fe ^ h 

u as*5 i o - cfci/t\ + + y7#*«:**, EI4 

*2 0 0*>yxhD-A©K/I-CSEfiS1*S. rtv? 
rMfSS&s TMGWiW, SK* 1 0 5 0 'C*T' 
±Jf£tt, 1 0 5 0"Ctc«Cr>fce>, Ifil^tcTMG. 
7>*~7. *>5>#;**flHV 7>F-^'GaN12 
*5 am<OJR»*CSEfiS-i*S. ^v77iiGaNB2 
i^WiU/c^*-^©. ^©GaNJf2©±&t^ 

^i^^^vx^aMu cvDgatcjcoxh 

5-Y7*i|gl 0 Mm, 1S8H8 mn©S i O, J: Oft SSI 
CDSfflglliO. 1 nmOmmvBl&TZ (01) . 
fcte* Sl©iSSJSl 10Xh7^'^t77^r 

Affitc^b-csiitt^iPjirs. 

iggCC&U 1 0 5 0°acr, J£f4#*ecTMG> 7> 
*~7%miiK 7>K~^GaN<fc9&£»l©^btt 
^tt»*10 0tfro©lfi/S?j£fi3t!:£ (02, 0 
3) . 

[0 0 5 7 ] ^x^*&j^S>>6MUJU 
K§ 1 ©Sfbtj¥»f*l 3 ©HE* 5? t*> ^LT«ffitt 

iu sii©ssiii io^eupisklt. si ©a 

6Mm©S i 3 N,£Dfr£Jfl2©{£S)gl 2*0. 1 M 
m©BWt, iSB s H^fiS*S^J:^^^-rS (04) . 

[0 0 5 8 ] s2(Deasi 2»jssa. was*--"* 

"SfJPSSKRL. iaftifXKTMG. 7>*~7*ffl 
t\ 7>F-^CDGaN<fcD&SS2©^fc!ft*3(#IB 
4*150 <im©BWrfiEfiS#S. #2<M»b»¥» 
WB4JSfia, ^x^fcSJ^S^&KDHiU HB* 

[0 05 9 ] (JttSW) Jt«©fc&. Cffi*£B 
iUAffi**y77Ei-rs-9-7T-Y7*«±K:, K!l 
©fcSWl 1 *J&JGSi«\' e«2 0 0*>y^ha-A 
©GaN;<?7yJi*J&fi$^ ^©±&tSi*lxi 
O^/on 3 K-7'UcGaN*l 0 0 jzmfl&ftStt&. 

[0 06 0 ] ±8E3S»W 1 ?fl&ftfcS2 ©SHb»¥* 
f*JB4t, Jt««-C=S6tifcGaNH©*(lffia3fc») 
©tt^BS^ttSrKffiT E MCC J: D «S Lib^T S i > 

ifwmmm^mw\ttmm<Dh<otii-<x 1 /2 o 

0&T£$4>t/TWc e tic. W2<D&mMl2RVm 

m btctcz, mi omtm^mwm 3 ©j£ a B a xp§©$* 

tt. JtRWOG a Nl©)SII:XPfi©3^#UT 1/10 
OfcTFKifcJ>t/-Cl>fc. 

[0 06 1 ] [ 2) (W 2 ©®J»©REfi*ffi) 
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2^>^*, CE*£ffi<tU ^'j7 7®*Affli-r^ 

f&U CVDSHKlcfcOX h?>f 0 //in, Xh7 
-f tThIB (S&8S) 6 am©S i 0 2 JrOttSSl ©{£8 
Ml 1*0. 1 Mm©JiJITif^*f £ (07) . fcfc. 

[006 2 ] SSJgffMgL »ffi*SJt^SrtCC-fe * h 
U SK*5 l O'CKLT; * + U7#xk:** % 

10 ^(CT^-TiTMG ( h iM^lotfy^A) £* 
Kll©$^Kl l*^l//cSfil±^CGaNJ: 
<5&S^7 7r@*^2 00*>#X hU-A©jg^T' 
Jifeg3l*S. (07) 

[0 0 6 3 ] M?7yJBiafi&, TMG©^ifet v g 
g*l 0 5 0 B Cre±il31t*. 1 0 

JK£M/*«:TMG. 7>*-7, 5^>#**ffl 
l\ S i *1 x l O'Vcm* K-^LfcGaNJ:0«c* 
S 1 ©^b«5*a»ft« 3*100 a m<DmBX'f$ l &$ H 
5 (H8#JH) . 
20 [006 4] »l©S{b**»#B3J«fi». 

45l£«Sfr6BWfflU !fn©^b»>i«I3©H 
M*7 9t>^Ut»Ittil., Si F-^GaNiO 
tt&^b»^fl*««:&S. 
[0 0 6 5 ] SIJSW2TfSe>tifcGaN«i. flufiE^Jt 
« 1 ^U/dkRW^^nfcG aNiOffill^/c 

/l OOTfcS^l/T^fc. 

. [0066] imum] nnM2X'nhhtcm\(Dm 

30 <bW«ftH3©H®&£, XF7^1(DvX^eM 
U CVDS»fcJ:9* h^:/IBl 0 /znu &SB6 m 
m©S i s N 4 J:0ttSS2©«Bll«l 2*0. 1 Mm© 
mmvMfS&Z (08) . ftfc, fl2©ffigjgl 2©{4 
BB. H8CC^-rJ:^«:, l£ B H B ^Ri*S^ «t 5CcjS B ^ 
ffi±tc t S2©«SM1 2©1 0|im(DXF7^7^< 
^J:^7X^^MUl>^iWc, Sl©SSfii 
l l &W&xh7^*i&6SUri>5. S2©ffiSP. 

K:TMG, 7>- : e^7, ->5>^?x*fflc\ Si*ix 
40 1 0 19 /aif F-^U/cGaN«fc«5&SS2©S<k ! ft* 
^14*1 5 0 Atm©BW*CjafiS"&a (08) . » 
2©a^b«J*3H*H4J«fia. •>*-^*5J£SS^6 

momu, ias«2 4i5isccLr. ^®*«ffiw^u 

aNlitb$5Lfc<hC5, *8?8©fe©»l/l 0 0W 

[006 7] [**W4 3 2S»W2Cctei>r, SffiHc 
A[S*iS<bL, tV^7®*R®i-r^^^r^7* 
ffll^o C©-^^T>f7S«l©±K:ja6W2iPI-© 

so si©ss^i 1*^1-^0 &fe, si©^ai i 
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Mi2tmm&bX$ i F~7*GaN<£9fr£ffn©S 
im^mWM 31:100// m<DMBTf&& 5 Mtc t C 

[0 06 8 ] [|6ftW5] jSSSWBBHVPEffitciO 
»l©fi<t«!**»Ji3*JEKfi3^S. ST, (11 
1) iifciffiiU t'jy^mi (110) B<hT£, 
1 >f>?*<DXf*;UJ: | 3«cSSfil*ffl«1-So £© 

vx^Wl, S i 0,<fc9tc&*l©KS!Rl I 

-5. ttteX F^7*&il 2 urn, *h5^fflPH«:6 

[0 0 6 9] HVPES8TCW:. S3S<fc9tt*5l£SS 
^©ftgptcG a ;0 Ji/*A*ifc53S#- V *SB"3"S. 

y>tizmgBt\mtc s sstciau/cSitc^Ni 20 
[0070] Aay>^fj:0i«*t yr^ii 

CC. HC l#**»AT*. CCOI^Ga^ jr;V©#-h 

« 9 0 0 •codjn&u x fc**;i/»*ffl«tt i 0 5 0 *cccjjn 

JftOr*^. *LT, HCl^XiGa»$trG 
aCl,*£lS3-tf\ Xt'*Jl/SS»jCCjgJSLA:NiB« 

ftJ6U J&gi£ft5 0 Mm/hr?3B$HS:B*fTl\ »' 
5 15 0 am©S i * 1 x l O 1 Van 3 F-7'L/cGa 30 

[0 07 1 1J&B&. «Jx-^%Sj£SS*>6IR*)ffl 
U GaNJB*7^f>yi/r*ffi©iaCi*l»iU *8 
^fi*aS£l/fc£C*>, jaft«2©fe<Dtttei§l«© 

[0 07 2] JSJSfl2C<:*$^T, ^7>f 

Tffi£l±&c;* h^^tfil 0 fim, XI^^^TbIR 
5 ;zm©S i 0,<fc9&S«fflBl 1*1 //m 

<DHii-cjBfi£-raffittEi«K;b*t, si^ixio 11 / 

on 1 F-:7WcGaNJ:9&£m©g{t&*»*)13 40 
* 1 0 0 u mOgW-CJSSfiS**. » 1 ©Sfbft^SM* 

H3(SfttS, *>x-^*5l£®S^6ffi0tt5U, »1 © 
mt^mitm 3 ©a® £ 77f> y b rmmiX t b , 
Si F-^GaN^^^iitWiWS^^, 

[0 07 3 ] H»J6rl#eti/cGaNl<h, ijlS^ife 
tfl 1 T-tK U /ctbRW-Ct* 6 n/c G a N Ji© V x^±tt 1 

Ox l 5 *zm©«H*ftS£9ffiB>TSC;. #ftffi«£>fc 

©»*«iswc. &*>\ tea^«oafis*ffi». sr± 
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*©e*. *&sxB©tt#» i . 3 

x 1 0 6 {i/cm 2 r&9, BUiBtb«WI»^2. 4X10 
7 {i/cm 2 r$>D, **M©fc©ttl:t*5WK:J:k^l/l 
OOTfc«*!>l/Ti,>fc. */c, HMl2<ttk»-T4<!:*S 

[0 0 7 4] [HJ6017] HftWHCfeW, 7>F- 
7'GaNJI2±R:x F^^l 0 jum, £93 am© 

s i o^o&sftaRi i*i um<Dmm-c%m?z> 
\mm^ bxm i ©g<b»*ai#» 3 * i oo ^m© 
iiJiTj&fii*tf£o »i©a{b»*»w«3jSfia. $ 
x-^sjjasfg^^DtBu, » 1 ©gfb«#*§{*Ji 

3<DSMivy tytfbXW r TSS^ibTfll 
ffittiU Si F-^GaNi0 4SS<b»*»«aR 

n«« 6 1 mm^m&mm^tc o ©jsakb© 

»4«KUfc<!:C5, ^t6W6 <tO-T<ft< 1X10' 
ttfcatt SSfcF Sfi i 5S{ b«J*3W*S«4S 
©S{b*¥*ft»3iite"urfe, 8 B B 8>a8©»#3 6 

[0075] tiaiW8] iasw6cc*5i>r v ««i tc 

ABfciffliU t';77ll:RI<!:W77 47* 
ffll^ffi»H«tCl/T. 1f7T-YT«fil©JbOC»l© 
(SRIS1 l*»l£U gtl»T, S i F-7'GaNJ:9«c 

i omim^m^ms * ioom m©M/ir^g$ 
o^xmofmc^t^mim^mm^f&^x^ 

tc. 

[0 0 7 6] [JQS0!9] ^SS«5tCi$Cir, SiO, 
<fc»3«C-5«l©ffiaRl 1*. Xh7^(i*l Oaz 

m, ^ep*3Mm, i umtbxjtmtzmzm 

«CCLT. 1 5 0 /im©S i * 1 x 1 O^/on 1 F 
-7*l/cGaNttI$t^ RRfia. ^x-m^SJ£ 
§S*>&K9IBU ^t"*;i/S«*7 5rf>^0*C|»4 
*Sa^B©»*»3£UfciC%, ^JSW5©t>©i 

{b**aw«i#»6hfc. 

[0 0 7 7 ] [IStttH 1 0 ] H 1 1 tt**M©«S*ft 

kj: o»6tifca<b»*»««tat«4"r 4-l e 

^-©itSijnr^SlKffiH-C*^. WT, 01 l*7ntc 
[0 07 8 ] ^»J2Tlf etxfc^x^©lf7T>f7S 

« k ^'^7i. » i ©ffSR 1 1 . -u<om i ©a 

{b»*3W*)i3S:We. i^SL, Sl©S{b»^ftll 

3 ©^®*^a s^s i omit^mwm 3 ©^^-r 
miomm^mmz (s i F-^GaN> *± 

mttZ> V x-^MOV P E««©5l£SSrtKH2 ? 
hU 1 0 50 - C-CC©»l©S<b**2f(*IB3©a« 
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mm\^zm%Lxm\tibfcw£\zJx3i<Dm±.t f c, s i \tsM<om±^ s i %i x i o ie /c^ f-^u/cg 

£1 x 1 O l> /crf F~7'UtGaN<£9fr£J£2CD^ a N<t 0 fc£S3©;< ? 7 7 JB 4 1 £/&fi£t!:6. H3 

7 7 7 I3 l^jafiS-ttS. C<DMZ2<Drtv 7tJ13 1 ©A ? 7 7 JB 4 1 tt^ttW 1 0 4HD < . 9 0 0 *Ct(± 

[0 0 7 9 ] »2©^5r77)i3 1<0±«:KW u-1f***ft»-rSJ§£* C©g3©^77 7 l 

20*>^XFP-A, n.. 4 G 4 1HaW10 0*>y*hP-A«T\ 

a,.,N<fc9ftSrittlI3 2, RHO. 3 m m<DM g F < tt7 0 ^>^X F P-A«T* *fc#*U<«50* 
-7'A l,. l Ga..,N«fc94Sp«*55> FJI33, J® 10 F D-AaT<DB^fM^I^^Ht»if* 

»0. 5 am(DMg F~7Ga N <fc9&£pflJp>£i> £1WILT&&^&^14T& C 4;W£ U\ SiS 

[0 0 8 0 ] iK*«ai&*S20^-,7 7 IB3 Sfcft* iSffl^&U— IfSSW^t?**. £/eLED 

ffib. asR#H«*"C6 0 0-C7--y>^ur, pflH [0086] <*7?*i»±JB4 2) ;jwcs i £5x 1 

F»3 3 v p«3>^^ H3 4 6{SISa«:r 0 1B /cm 3 F-^Lfc I n , . a G a t N cfc 9 tt* f 7 v 

pffln>*^ H134M^6x^?>^«r *I*±J14 2£5 0 0 *>yx F P- A©R/5?flEfiS 
Sl^tUJ^ftHS^ffi^BaiS^S. C C©^7^HiJti4 2ttl n^nlOlft 

fcJ:9IRfflSli\ *?7'WKB#<D r^0b5j 20 9, A 1 fc^fagffcft^gftJl+fc^ ^ £#A4©* 

£4^9. «JK«F«:p-n«6ffiK:lW4^iK:< < KitTSc 4#*c*S. f7v^l»jtSttl00*>y 

fr£/c&. £g&fi±U ®Htt©*ir«^3WI6ti XFP-A6LL 0. 5 amttTORJTCfiSfiiJtfSt 

5. £*s*?SU>. 1 0 0*>yxFa-A<fcf5fc»t>it} 

[008 1 ]x^>^ pffl3>*^ hH3 4©S IBCDi^tC^^^^teihtU'rftffll/KK <, 0. 5 <i 

ffi<DK«±ffiCCN i/Au ±0«C*a3ttt©pafi3 5 m<fc 9 *>JSC>4, *S B ^S<*#ll£T£«flfC*S. tt 

*2 0 0*>^X FP-A©^rjft$U ^©pH& *>\ C©^ 5 ^I»lhl4 2 £C 4 fcT'#£ 0 

35©±&C> $>?4>tfm<Orty F«S36*0. 5 [0 08 7 ] (nl^7 7 FI4 3) ^C, Si£5x 

amOH/fTJgfiWS. pIIMW^^WII 1 O'Vcm 3 F-T^fcnSA l..,Ga...N<fc9fcS 

(^7 K*ffi3 6BJ*»6SfcH) *H1 2tcin*r. 311 2 0 *>^X F n-A4, 7>F-7*(undo 
[0 0 8 2 ] t>m<OVmSMk. *7 t^ISIS* 30 pe) <DGaNJ:9&££2©Jl* 20t>^FP-A 

i^br»wufc*i©afi*^^jB3H©affi±ffi tisstci ooaaiiBurttsiawo. 4j*m©@ 

fc. nHS3 7£0. StfmOiWflBlSTi. tt^«J6frS. nll^ * FH4 3 tt* * yrHUii 

[0 0 8 3 ] nliB^ib^^7^^U, S&1 »JB. at/JfeEBDiiftlHi OrftfflU, A 1 *Stf3fb 

©Sfl*¥*fcJB3©Mffi (101-0)i, -ecDMH ft¥3Wk #Sl,< ttA 1 Ga NiSttBtt^BiTS 

KSBttffirSWBU 300Mmflfl)LED^?^ff tt#3£b<, iBtt-f 1 0 0 

5. t©LEDt*2 OmAKfc^T, 52 0 nm<D$ife FP-Afit± % 2*/mtUT. 3 6 fc# S L < «5 0 0 * 

^*^«fi%jfifi^nfcfcofctt«i/'C2fsw±. » «»?)i«:-r*4^^y^(D<t(r*att©fic» 

[0 0 8 4] 1 ] HI 3«*»Bjj(Drtfi*ffi 40 [0 0 8 8 ] (nfflJ**V KB4 4) S i ^ 5 

CCj:f5»6nfc»t»^#li J &afii-r-5-U--1f* xl O^/on 3 F-^LfcnaGaNJr^&SnS!**' 

^©«JS*7S-r«a;R?iia-C*>S. H13*7Etc -fFJS4 4*0. l */m©a/i-caES3-&a. C^nffliJ 
HtSWl 1 CCO^TttWTS. FJB4 4tt, ffittH<We*V FIBil/TffifflL, 

[0 0 8 5 ] »t?!l3Tl#e>n/c^x^C7)^7T^7S GaN, I n G a N«rfiJEBS-&SCi*«a* b< . M£ 

«1. ^-;77l, ^lOffiSMl 1, mi<omt®¥ 1 00^>^Fa-A-5^m, 3 6«:»*U<tt2 

^<*H3, m2<D^mmi2, »2©a{ttt*a»»H4 00t>^hP-A-l amOHff-CSEfiS-SSCt 

©-»*BfBK*l/, £2©g{t«¥aSf*»4 (S i F *a*l/t>. C<DnfflJjt*V FJi4 4ttiiSttS i , G 

— 7'Ga N) ££ffi4-r££*-^*:MOVPEi!B<Z> eiOniWfe F-^L/t nS(D3fSS4-r 

Sl£8Srttc-fey Hy. 1 05 0-CCC©»2©S<t!ft »K:7>F-^{c-rsc4t>r#4 B iBtS^- 4 "T 
*^f*/l(0^7 t 7SS 1 If bxm&btcffi t 50 CCtt» 1 0IKRC^2©li<D*J>& < 4 fc— *CCnS^*B 
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»&F-:/t/CfcJ:t>U Sfc7>K-^-Cfcfiu. 
[0 0 8 9] (r£ttJi4 5) 7>F-7*©I n 

D .,Ga 0 ..NJ:03tci#Fli. 2 5t>^Fn-A 

7>F-^I n o .«Ga,.„NJ:0aSI»aiB. 5 
0*>^* hn-AiSStcgiJlLTttSltBWl 7 5 
hD-AO^JBt^FflBS (MQW) <Dr£tt 
»4 5*ls6fiS#S. S£fc.-#FJi&c;/*fcW«SH 
fcS i*F-7b*Cfccfc<> 

[0 0 9 0] (pffl* + v?M4 6) 3«c % ;0 F*> io 
^7 p x*^4 f -3&Spffl|jfe//-< F«4 7 J:f5 *> 
oiSteJB4 5 <fc*)t>;*:tK Mg41 x 1 CVcrf F 
-y'UtcpMA 1 p. 3 Ga B . s N<fc«5&Spffl+ + ?^)B 
46*3 0 0*>yx hD-A©R»t?jffifi3#* ( , C 

ns^tt ! a*K-^bT* + y73&sffi«snfci 

^U<tt7>K-^iUrt>fi<, *fe»*U<tt 

©RSttO. 1 MmfcTF, 36tcff*L<tt500*> 
y^FD-A£iT, *fc*f*b<«3 0 0*>^FP 20 

pS*^y7 p H4 6*tc^7^^3WA0*'r< 

T£>6. A 1 ©<&Stt#s*#t> A 1 G a Ng»< ^J&T 

2t*±©A lrGa^vN-CintfSO 0*>^X Fn- 
A«T«CBI»rsci^aiHr» 0 p«tt7^l4 6 

[0 09 1 ] ( p*J*^ FH 4 7 ) WC, F*> 30 
?7x*;l>**~;^p{iiJ** ?7JB4 6 J:0/h3t\ Mg 
*1 x l O'Vcm 5 F-^l/fcpSGaNAO&Spffl 
Jfctf-f F»4 7*0. 1 am(DIB«'CflSfiS#S. C© 

■ 44iEID<GaN. I n G a NT'J&g£tf6 C tft 
S*U». *fc, CtDWSpM^y FH4 8*J5Sfig' 
tfSBKD^y7T*<fcLTM#8U 100t>^F 
3 6 KEF* U<tt2 00t>^Fn 

%n4mtLx\m??>. cfcpffl**^ Fm*»fc 40 

i)\ t©p 

4Tsa^oc«»i<D)B2ac;»2©iBCE)^a:< 

KpiE^WBJ* F-7*LTk<H>U *fc7>F-^-C 

[0 09 2] (pffj£5? FJ14 8) Mg^rix 
1 0*Vcm J F-7'U/cpi9A U.^a.^NiOftS 

/cm'f-^fcp^GaNW^iZm 2 0* 50 



«fB8¥ 1 1-19 16 5 7 
26 

m«^IJ:^^pI^7-; FH4 8«r7&K"J-*. 
C(0)ittnfliJ^7 ? FB4 3 4I5ID< * + U 7HDiift 
»4l/t;fW8U att^*fifrsct«:J:i3pa»ffliJ 
©atfi*tfiT3l*Sfc*©Ji4L'Cftffl'rS. C©p 
flj^^v FB4 8©RJffc!|$«:|8SO«clr^ 10 0* 
>yxFn-AJa±, 2iumHT, 3e>tc»*U<tt5 

FHflJtc fcgWfc#, n DM ^ 7 y FHffll J: 0 p IllJJIfiiJ 
fcBtt*JB4Ktffc£#, pJBO»tnffl^«d>"ratt|fil 
tc*&/cft, Vf *fiTS-B-S±*rjffSb^. 

[0 0 9 3] «^««©#FH*W-r *ffitt)B4 5 £W 

H4 5Ccjgl/C, S14JB4 5 Jrf3fc^>F+>y^x* 
^*-^#l»WSO. 1 Mm«T(7)A 1 £^tfS{fc!ft 
«cS*+ y^»4 6*KW. £©++?:/Jl 
4 6J:0feiSttB3&i^iatnfc{ascc. 4 6 J: 

Ofc^y F*> 77'x^;l/^^/J\^^ P fflJ^V KH 
4 7£KW. *©pffl*^FH4 7J:0feffittlB*6 
StifctiSEK. pm&iU FS 4 7 <tDfc^>F4 r + ? 

&5pfflf 5* FH4 8 *K»5C L 
K L3&»fepffl*+ ^7'14 6©'0 F*> 

+ +7^«46"CIUI:3*iSfc», *?-#iSte»**- 

7 ci - Ufri^tfttc, SHP© y - £«8E#4>& < & 

s. 

[0 094 ] <pfflj=3>#* FH49) Mg* 
2xi 0 2 Vcm 3 F-^LfcpSGaNcfcO&SpffllJn- 
F149£l 5 0*>^* Fa-A©IRircj&B 
pW=i>*^ FJlttSO 0*>^X Fo-A£t 
T. 3t>«:Jf*l/<tt4 0 0*>^Fa-AttT. 2 

[00 9 5] S£5ft7«, SJSSSrt«:fet»T. ^x- 

^*a^#sm*. 7oom^y>^ffk p 

«r5J£SS*>6Bt5tHL. B 1 3K5Vj-<fc5fc. RIE 
gg^cJ:0ftJ:l©pS3>^^ FH204, pM^7 
^F119i^x^>^l/t, 4 jum©X F5^7'iH 
*W*r^> y ^ *J>mKt Vv ^*H©^ffi«cN i /A 
u «fcOScSp«ffi5 1 *JI5fi£T*. -X^C. B13fcS-r 
«fc5«:p«ffi5 l*l»<pffllJ5'5^ FH4 8. n>^^7 
FS4 9©S®CCS i O 2 £945t&*«5 0*J&J5& 

co«W5o*^Lrp«s5 1 tmm^mm 

[0 09 8] pfflWS»«a. ^-^7r^7l 

t^2©Sa«!*»itH4©^S±ffi{C, Ti/AlJ: 
0«c5n«fi5 3«rO. 5 n mCDMmvBf&L. *©± 
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[0 0 9 7 ] *©&, n1i»j5 3^£>*^-Y7V 
»2©2ft&¥»ftJI4©Mffi ( 1 1 -0 0, H9©A 

SfiffiifW*-*. ftSffiCCSiO.iTiO, 

tfc«) -Cfc- hS/>£K:«BU pA?h'«fi5 249- 10 

^gfcfcHT, »ffi«ifefflK2. 0kA/cm\ 
Hffl«E4 . 0 Vt k #fefiiftS4 0 5 n m©iiM^ff # 

stessn, ioo oj$pj«±©i&ft*^o;fc. 

[0 0 9 8] [|Qfi«12] HI 4B**W<D«fi*ffi 
Off 5nfcS{t**aiftH%««fr S-L E D* 
*<Z)aUt *7ftT8KK ffiH-C* 9 . Iff 2 ©if 
H4<fc9 4SS«J:D±©**flH£t[/ttt. 1 
0©LED***l3tt©«ffi£W-i"5. Sfc. jSttWl 
2©LED*-?©^t«5*2i#««<bU-Ctt, HttW3 20 
fcfct^TS i * F-7UfcGaNJ:9&*Sl©Sfl:ft 
mm 3 ©RJV £ 2 5 u m , 9 2 ©Slt^¥>I«§ 4 
£7>F-:/©GaN<bLT©JSJP£2 5 //mi Weft 

S6nfc7>F-^GaNJ:0&SS2 ©S{ fc«5*3l* 
H4©±K V S i£l xi 0 1B /cm 3 F-7'UcGaN 
J:t)ttSS20^y77l3K RW2 0*>^xhn 
-A, *-*^-#F«Ji© I n t ,,Ga,.,NJ:9&SiS 
teJI3 2, HJ»0. 3//m©MgF-7 r AU. l Ga (l , 
Ni:!)ft5pi^77 FJ13 3, BUO. 5^m©Mg 30 
F-7GaNJ:»3&£pfl!l:3>*£ FJB3 4#WOSJf 
3ftfc#fi£Wl/C*$9. pIPJJ^>^^ hJB3 4©£H 
^SKltta3fc1t©pmfi3 5i, ^OpIS3 5©± 
te, #>r-f Faffi3 6 3&s»aE3tir^ 

ft*. Sftl. ^77712, m©SHt»¥i§tt 

113, ^i©ffifflii i, »2©«fflsi 2©^r, a 
on 2 omm^mwm 4 ©-sm* us w 1 0 1 mmtc 

[0 0 9 9 ] C rt^Jfcffl 1 0 C03R-T- i ft& £ * 40 

1 ©Sft»^ftH.3 <t 0 felSfitt©Sl»»2©Sfb* 
^*WB4©±«:jR^«ji3WBias4ir*jO, 
-ffiMfcp««3 5 £ftSffi3 7 i*RWTC»SCiT 
*5. 7>F-:/©GaN<t9&£tff2©2fttt^tt 
1 4 ©±K k n S^ttft* F - 7' L/ci{fc»^<*l 

(12(7)^77713 1) i9MLftWk®mmm 

tt»* F-^Lfca{k«J*»ftH©*«:n*fi4SW5 

Vf#ffi<. ^^©^^LED^^ff^n 50 
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■f>-n^|Dj«:*5 0 COLEDSR^-ttlHifceU 0 
©LED^KJttJUT; HtfJttttl. 5{g, #H»E 

[0100] [^ftfll 1 3 ] HJfcfll 1 4|5l«itc % If 7 7 

■Y 7S«±«:G a N<t0ft5^y7ri*2 00 
XFn-A<b, 7> F-7'GaNJf 2£4 ^mJ&lStf 

fc$*-^*j8su cvDSiaiffl^r. c©t>f 

-7*GaNI2^±(CXF7'/7l20yni, ]g«B5 m 
m©S i 0,J: 0*^*1 ©ffiRlR«:0. 1 umOMB 

r^i/tfts^x-^*, MovpESSHcj»gu 

7>F~7GaN12&^n©£aK©JhK, Si£ 
1 x l 0 19 /W F-^L/cGaNJ:0tcSai©aft 

mm»mi i SMmowiTjSfise, 

[oioD mmmmi ztnmc^x^ mi<omt 

W?MWm<0±K. S i £ 1 x l 0 1 Vcm 3 F-7*Wt 
GaNA0fi:5»2(!E)Av77i, MJf2 0*>^Xh 
n-A, li-S^f #F«B© I n.. 4 Ga 0 . § N<fc<3&"5 
ffittJi. KffO. 3 um©Mg F-7*A I t>J Ga D .,N 
<fc9&*pffld^* FJi. PJI0. 5jLtm©MgF-^ 
GaNJ:(5ttSpflj3>^^F)iSr)BtcaJi-rs. 
Tp1»6x * ^>^*ffl^ft«K©**l« 1 
©Sf&ft^zlti* 3 ©g|ffi£IIffi 3*tn JgJfc 
U -\&pB!J=!>#£ F»©«K£ffifc»a^©pS 
fi<fc. -e©pm@©±cc x tfvfw >y/B<D-rt* Ffllfi 
HI 4fc^-r<fc5ftEI-Sffl!l^6naSip 

££5 0amBK*TWei/T?f<Lfc&. W@ffiffJ£ 
^^7^7*ir3 5 0 /imftfOSTi-f -5. C©LED 
»l©«SB>&SGaN)B±«:^Stx t MfcSff 
1 ©fiBSK©:S8l$* 5 ju m t bxm 1 ©Sffctt¥»#JB 
jW&ESirCteD , S@SS±tcS 1 ©RflW*JBJ5£b 
T^SP^: 6i/milt^l ©S{ t^^f*l *»J5S L T 
tfo/c^Jte^Jl 0©LED^T-CCj:t-< l 

[0 10 2] tUftWl 4] C»6M77>»fl 
a = 0. 13* , ^^SHfeJ:*l 5*>Wha 

7ML, *y77ffi*AffiiT52^>^*©1f7T 
-YTSS^ffl^-r^o HI 5ttC©^7y-fTS«©K 
ffi*lfc*:Lr7n-r«5S;BIT*So HI 5^tXf';7' 
ttcc * y r > L fcSfitt, r ^ xSP^ A 

SS»7>Bd:4WL/Tl>S. r^Xgi57>A©^ffiIH] 
fltt^r*j<t*0. 5t>^Fa-A k «7Vt?feJ: 
^2 hP-AflgCcllgsn, li«afliJiEl/< 

itSMur^ori^^^ ^ss©*¥®tc*tur, o. 
13- t^II4bT^^i\ C©J:^ft*7ft*W-rs 
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fc&C>. *7#04te. HI 5tc^Ti:5^, «»©K 
S©fi8S*^/citfi 4 , ^-blCDX f y 7'©7j<¥S 4 

«K*7 7^7Cffi4ffll»fc»£. Cffi*6©*7ft0 

tt laaart. »ib<tto. ssaT. £6«?£l< 10 

iI£©*7»Ck&l> 0 »Sfc*7 7>^Ofcg« 

«R*SC»5Ci«:J:t), 2ft»¥SM*fc»aS«&© 

HW&flfcK©<M*l>G a NS«**S6ft*. 
[0103] liriSIf 7 r 4 TSfiO* 7 7 > 9)VfflC9k 

mmiztmmt. GaN«fco&4^-^7i«2oo 

^y^XFn-Ai, 7>K-7 r GaNH*4jLtmSES 
2ii/c^ CVD»a*ffl^T. C©7> F — 7*Ga N 20. 
M<D±K^ 4 7^12 5 um, ;gS&5 um©S i 0 2 
<fcD&*»l©£BK*0. 1 /im<DlRWrjBfi£-rs. 
H$tta 1 ©£gJi©* h 7 <Y AffiK&OTS 
iE4 

[0 10 41&K:. C©^xwvfrMOVPEgK«:» 
£U 7>F-7'GaN»KO p m©ffiHlR©±fci S 
i % 1 x 1 O'Vcm 3 F-7XfcGaNJ:!3&£Sl© 
3»b*¥*fl«* 1 0 ^©BfClSfiSft ^©Hl 
©S{ttt¥*ftJI©±K:. S i «r 1 x 1 O'Vcm 3 F~ 
7^/cGaN<J;9fc£lfl2©^7 7l l 1J12 0*> 30 
^XhP-A. #-a^#F*fi<DI n..,Ga...NJ: 
■DfcSfSttJB* mmo. 3wm©Mg F-^A 1,.,G 
a B . B NJ:f3tt*pM^7 ? FIB. HJIO. 5/imCOM 
& F-:/GaN«fc9fcSpffl=i>*i> Fl£»£«l*r 

i ©aftw*»fl«©affi*Bia3#r. m 1 4 cc^-r 
J: 0 &B-ffi«w»6 n n@4 p mmt *mtc®&£? 

S. ^OT, 1f7 7^7Sfi<DJi££5 0amflg£r 

mmbxm<otcm. 350 amftosw-i-rs. c© 

LED^ttHtfeWl 3©LED3HF-4Jt«t/C, ffl* 40 

[0 10 5] tlgJSffll 5] HftWl 3tCfct>r. Si 
«rl x l O'Von' F-^OfcGaNJ^&Sai©^ 

ffiOfflU ^©S^ffiBIROSSSOCffi^-rsttKtc, 
^h7-/7 r ig] 5/im©»2©fiSSR*0.. 1 Mm©J¥ 
Sr^JS-TS. *LT|IK£*wvg:MOVPE«{IlC 
8SU »l©»fc«*»(*)ii. Jg2©<Stijil©± 
tc v S i * 1 x l O'Vcm* F-7'LfcGaN<fc9&£ 
*2©3{t*¥8W*H* 1 5 am©Wrctf*<5*S. 50 
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[0 1 0 6] UtitgttHl 3 4IS]««:i/C; »2©S<t 
»¥S«WB©±K:, S i 1 1 x l O'Vcm 3 F-^Lfc 
GaN<fc9fc£ift2<D/^77Jl, R/52 0^>^F 
a- A, #-S^#F»ji© I n..«Ga„.iNJ:')&* 
rStt/I, R/S0. 3 jumOMg F-7* A 1 D .,Ga,.,N 
<fc!?&Spffil*7? FJ1> K*0. 5/zm©MgF-7 r 
GaNJ;0&SpffllJ3>*^ hH«:»ca)lU H?2<D 

ffl=i>*.5'FJi©SH^ffiCCttBjKtt©pa& F 
«ffi*Jft£U PI-ffiflH^&nSfiipSSiiSWte 
ABSi-rS. ftf*«C1f7 7>f7S : E©ffS4 5 0/xmg 

3 5 0Mmft©^4*<r£. C©LEDSR^^JS« 1 
2 © L E D «fc 0 fi»©fttt £^ L fc. 

[0107] [ntKHi 6] mmmi ok^t, 
k**u »i©a{t»*aw*i3©sffi*»ffl3 

«4rS(fittEI8iCcLt:LED^v^%»*. COLE 

ffi. ^mno^mm 1 o t tt®r & <b 1 6 ©a 5 
[0108] tuasw 1 7 ] wt. m 1 6 ^tecc^i^ 

1 7(coiirttl8-rs. Hi 6tt*»5B©gJfi*ffiK:J: 

0 if en/cg{t^*^*i ^s^ 4 -r s- u - if *^© 

[0109] ^ifeF36ri#e>n/c>x -^©^77^7 
ssi, A*^ 7 i2, mmi ^ 

1 ©S{b«^l(Ui 3 ©^M^Sffi s a 1 ©»t« 
¥*ttH3©#fcT£. 

[0110] ^cr:. m 1 ©a<t«*»(*H 3 (S i F- 
7*G a N ) «r±ffi4-rs*5*-^*MOVPEK«©5 
JSSSrtfc-feyFU C©»l©a{b»*2»ftJi3©S 
l/TRB 3 n/cffi 4 tiS^©®±«:TfB 

[0 111] (n»J^^^ FH4 3) Wc, Si^lx 
1 0 19 /cm J F-7'L/cnS?A I G a... N<fc 0 
H1©1, 20^>^XhO-A4, 7>F-7'(undo 
pe) ©GaNJ:»)&S£2©Ji. 20t>^XFP-A 
4*SStCl OOHSHbtttSttlilSO. 4 Mm©® 

[0 112] (nffliJjt^V FH4 4) S i * 1 

x 1 O^/an 3 F-^LfcnSGaNJ:<3&Sna*** 
■fF»44*0. 1 am©R/f-CJafi3-&*. 

[0 113] (rgttl4 5) yc^c, Si^ixio 17 / 
cm 3 F-7'©] n,. a Ga,. l N<fc9&5#FJi, 2 5^- 
>^'Xhn-A4, S i 1 x 1 O'Vcm 3 F-7*© I 
n,.„Ga D ., s NJ:Dtr*RSl. 50^>^Xhn- 
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<D£SB*#f*J6 (MQW) ©?SttJi4 5*fiRfiS* 
S. 

tO 1 1 4] (p«+t?^146) #tc. A>F*> 
^x^W-^pH^V FH4 7 <fc9 
offittH4 5<t0fcA*(r\ Mg£l x l O ao /crf K 
-^LfcpSSA U. s Ga.. 9 N«fc9&&P»J** 
4 6 £3 0 0*>^X ho-ACDRWrjaSS-ltS. 

[0 115] (pffliJjfc#V FB4 7) ^>F*> 
y^x*;l/ ; F--3WpfllJ*+7 7 r J14 6J:*5/hSl\ Mg 10 
£ixi O'VcrfF-^U/cpSGaNiOttSpffil 
ifctf-f FJ147&0. 1 Mm^M^r^g^if^. 

[0 116] (pftj*7? FJB4 8) #CC t Mg£ix 

1 O'Vcm' F-7U/cpSA U.zGa,.,N£D&£ 
20t>^XFD-Ai t Mg^lxiO 10 
/cm 3 K-7*L/cpSGaNci: 1 9^^^2<DM, 20t 
>^hn-Ai*3KSCc8Mlur4Sia«ffO. 4/i 
mOjBt&^JIcfclJ&Spftl^* FH484JB5WS. 

[0 117] <pfflJ:a>**hli49>*Sfc. Mg.* 
2x l 0 2 Vcm 3 F-7*LfcpSGaN<kD&Spfllj3 20 
hJ14 9£ 1 5 0*>yx hP-AtDKWriSfi 

[0 118] SfESartfcfctr^r, 
^£^#^$1^ 7 0 0*C-C7-- , J>^«r?7l^ 'p 

fcJS^gfcfcKOffiU HI 6K^iTJ;Me, R1E 
^Hfc<fcO«±H©pS3>^^H120i, pi^7 
? FJil 9t4x^>yut t 4Mm£>Xf^>f:/iSl 

a y ? ^jBttt u ^stse^mN i /a 

uJ:^cC5pI15 1 SI 6CC^T 30 

£5fcp«ffi5 l*l»<pffiiJ^7F»4 8. n>£^ 

btcp^y F*«5 2*JBfiWS. 
[0119] p (KK&J&$& 9 1 ®£fc«¥*#JB 3 

(o^^mtm&stixii^ms^m^ ti/ai 

<fc04Sn«ffi5 3*0. 5 ju ro<D]g/¥T1^U 
±CCt- hS/>?£<ZM ^7>(^>3>lCAu/S 

[0 12 0]*©«, n«fi«5 33^e>X^-7^^b, 40 
Sl©S{fcft¥3g#:B3<DMffi (11-00, H9©A 
fttt©{I«c*B^ *M) ~CSI 1 ©3ttft¥3W*Ji 3 * 

J&U ««tCp«ffi{cW&*|nI'C, ^-£#JftLTU 

BU P'<? F«S5 2*7>f + v 

mM&& 2 . okA/d 2 , SMME4. ovr. m& so 
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«fi4 0 5 n m<D&ffimmmm$ti, 1 0 0 0 B$RB« 

[0121] [mm 1 8 ] m 1 7 

SR^flBiiLTtt. HffcHl 6©LED**iEI£(Dl» 

f**«il/ttt. HJfeW7tEIS|{CLr7>F-^©G 
aNJ:0 4S»l©S{t»*3W*IB3fi6fiJ^ t<7>^ 
x;^7 7 ^7iSl,.A 7 77l, S{t«S*aittJi 

2, mossm \^m^bxm\(omm^mw 

Rffl3ftfcffliraE»M©ffiJbK, TiECE)iBtt^Ji*# 
«n|^7? FJB5 l*SSfi3#5. 
(nll^7 7FI5 1) S i*l xi 0 19 /cm 3 ¥-7 
UfcnIAI Dll Ga,.,NJ:DftS»lCDi, 20*> 
^Xha-Ai, T>F-7' (undope) ©GaNiOft 
S^2©H. 2 0^>yx hP-A££&Stci 0 0H 

awur.ttsttswo. 4Mm©iBtt^«jSi-r5. s@ 

b&tfXDZy? FttW&sS'CSS. 
[0 12 2] #K: V M5^7 7 FH5 l±CC k H 
*tWl6iH«©. rSt£JI3 2, pfflU^^yFJ13 3. 

L/T p Ji» 6x 9 ^> y*tf t^atiaiS©^* l> 

nffil*5* F15 KDaHiSffiS-^-CnSfi*^ 
U -#p»J3>*^ Hl©SH^fficcttS*tt©p« 
Si, *tDp«6<D±0c % ^>r^>^ffl©^^ FKfi 
£tBJ&U HI 7fc^*£ ffifflrtP6n»S<fcp 

s*5 0(*mga$rwefi/T»<Lfca. vtsmm 

X^7-/7-lt350 Mmft^i-r^. 
[0 12 3]ftfc*lfcLEDjmt. S*fa#tt«r^ 

1. MiE^fUL 5fS^±L/c D 

[0 12 4] tiatWl 9]SafcW7CCtel»r, 7>F 
-7*<7)G a N «t 0 4 5» 1 ©S<t«l*W*Ji 3 (DJKil* 
1 5 /imi1-S<6ttia««CLTajb«8*»tt«fii3tcS 

»i©»k»*aiftii3*jaEss-B:s 0 comiomit 
ty^mwm 3 , $mm 1 8 i ia«uc b r sr^fwjs 

/c. 

[0125] [^ssw2 0] mmmi 9tc*ji»r, 

SfeiLT. ISiSWl 4<b|5]^CXr -;7l{C^7 7> 

y;H,r c^if 7 T w 7»fi*ffit»Sf6ttiattK: L 

EDSR^^fiS. CCDLEDSR^-l^tSWl 9©LED 

[oi26] imm2 1 ] mmi ic&^xi&%w^ 
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£5 urn. 3 urn, 1 umlCbXtf -otcmtffli&lcbr 
£S|kDtI#5yror&&it£K:it'<. 3 Mm, Rt>' 
[0127] 

W§t Z> t . tST^Pi©^^K:'J>!i^g{t^2gftr 

■c#S. c©J:5K:«e*-c*ft*-»fc«{t«*S|(*«S 20 
jK*»WK: J: rj £«, 3fttc&g±©;Nfflfli 

[B9©flrJ»ttagBI3] 

[02] *»w©*ffi©«xs«:*Ji»-c#6h*a{fc 

*-^©*fiftsvr«ts»«({fflH. 

[04] *^BJ©^S©^lfiK:feOTi#*E)^^a{k 30 
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v&mtv *-^©«a«ravriiswiKfflia. 

[06] *l6W©*ffi©SZ8(C*H,>Tf#i=>tiSgjt 
^ig&H? x -^©«fi*5Vr«tSWIKlilH. 
[07] *»w©*ffi©*is«:*ji»r»6nswb 

[0 8 ] $«^©*ffi©sxg«:fct>rtf h*\%mt 

w&m*} *-■"©« js*wrretswjKiBH. 

[09] *7T^7©IM^ti--; F-feJl/i. 
[010] ffiKH©x l-7-f :7;^£|&Bjj-f Sfc&© 
SSiffiiiJ©¥ffi0„ 

[011] *&Hjj©#atcJ:*«&£/B(,>/cgtt#M£ 
>gft L E D mT(D-ffi S fitSORBSH. 

[012] 011 ©S;^£ P H»J#>£> J|fc¥®0. 

[013] ^ffeBj <Djj& liC J: -2>afi£J8t,>)tMb» 
D**©HtS£*TSt3IKffiia. 

[014] ##PJ©£&CtJ:3»fi£m>fc^t» 
iff* L E D JR^f ©-«Jg*w1"^»fiiH. 

[015] t77>W l/fc-»WHR©«»W&iB 

[016] *»M©*tttcj:sa«*ffli,>yaiMb«* 
.3W* L DfS*©Hfj»£^-r8l5£tftE0-C& s. 

[017] *»«©*aK j: -&«K«mtr»AjaifbBN£ 
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[HI 6] 




47:pttJtV<K S 
46:** ? 7* 0 
45:f£ttH 
44:nW3WO* H 
43m 0**77 K H 
3:£ 1 «S{tft#SffJ9-- 
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